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**T**he heart rate (HR) is controlled by the autonomic nervous system that, through the sympathetic and parasympathetic innervations, reaches the heart performing its function of excitation/inhibition, depending on the metabolic demands of the organism^[@ref1],[@ref2]^. The heart rate variability (HRV) and the heart rate recovery after exercise (HRR) are both indirect evaluation marker of autonomic control of the heart^[@ref3]^. The HRV describes the variations in the intervals between successive heartbeats and it can easily be determined from short-term ECG recording using methods of analysis in the time domain or frequency domain.^[@ref4]^ Recently, instruments such as heart rate monitors are capable of recording intervals between two heartbeats (RR) for HRV analysis in sports sciences and medicine^[@ref5]^. The analysis in the time domain provides the assessment of RR. The most commonly used measures derived from interval differences include the rMSSD (square root of the mean squared differences of successive RR intervals), which can be easily calculated during a short term recording^[@ref4]^. The rMSSD expresses the levels of parasympathetic activity^[@ref4]^ and has much greater reliability than other spectral indices^[@ref6]^. It can be used to monitor the training status of endurance athletes^[@ref7],[@ref8]^. The analysis in the frequency domain provides various spectral methods^[@ref4]^. Three main spectral components are distinguished in a spectrum calculated from short-term recordings: very low frequency (VLF), low frequency (LF) and high frequency (HF) components; generally HF is expression of the parasympathetic, and LF of the sympathetic activity^[@ref4]^. VLF represents a dubious measure and should be avoided when interpreting the power spectral density analysis^[@ref4]^. The ratio LF/HF allows us to evaluate the cardiac sympatho-vagal balance: a value \< 2 is generally associated with better cardiorespiratory fitness and exercise performance^[@ref9],[@ref10]^. The HRR is defined as the rate at which the HR decreases, usually in a few minutes, after the end of an exercise, and is a result of reactivation of the parasympathetic system followed by reduction in the activity of the sympathetic system^[@ref11]^. HRR at 1 and 2 minutes after maximal exercise test represent an important parameter to estimate the impaired autonomic function and is and a predictor of cardiovascular fitness^[@ref12]^. It is also related to coronary artery disease^[@ref13]^ and a very important marker of cardiovascular risk and mortality^[@ref14],[@ref15]^. Moreover, several studies indicate that the HRR evaluation can be helpful in distinguishing a trained from a sedentary individual^[@ref16]^. Recent reviews indicate that the HRR is sensitive to changes in the training status in athletes, and may be used as a valuable tool to monitor and optimize training programs^[@ref17]^. The aim of this study was to assess, in \"master\" endurance athletes, the relationships between baseline HRV and HRR measures and the time to perform 10Km running, in order to evaluate adaptation to training, and to assess whether the measured parameters may be useful for monitoring the training status of the athletes.

Materials and Methods {#sec1-1}
=====================

Participants {#sec2-1}
------------

The study was conducted on 10 male athletes aged between 40 and 60 years, who practice the specialty of endurance in club affiliated to the Italian Athletic Federation (FIDAL). At recruitment time, all enrolled athletes were at the top of the regional rankings in the "master" category, and all of them have a competitive experience of more than 20 years, training for 8/10 hours a week on average. Among the inclusion criteria it was required: to be \"master\" athletes aged between 40 and 60 years; to have a regular medical certificate for the current year; to practice specialties of endurance; to be at least moderately trained and in good physical status; to have several years of experience in endurance sports. Each athlete gave written informed consent to participate, following by an explanation of the nature and purpose of the study. The procedures were conducted in compliance with the Declaration of Helsinki and were approved by the IRB Committee at our Institution.

Measures {#sec2-2}
--------

Every athlete has made the assessments on the same day in the Laboratory of Functional Assessment of our Institution, between 8 and 10 a.m., with the maintenance of the standard ambient conditions (temperature 22 ± 0.5 °C, humidity 55%). Before starting the evaluations, height and weight were measured using a stadiometer and an electronic scale (SECA, Germany). Body composition was assessed using an Akern Soft Tissue Analyzer with Bodygram software and the amount of body lean mass and the percentage of fat mass were calculated.

Procedures {#sec2-3}
----------

The evaluations included baseline RHR measure and HRV analysis, followed by a maximal graded test for the evaluation of aerobic power (VO~2~max), ventilatory anaerobic threshold (VO~2VAT~), and heart rate recovery at 1 (HRR1) and 2 minutes (HRR2) after the end of the test. No athlete has been practicing a training session the day before the test, and we asked them to avoid taking food or drink coffee in the last three hours before the test. The day after the laboratory evaluations, every athlete performed an outdoor running trial over the distance of 10 Km, and the time of performance (t10km) was collected. The measurements of HRV parameters were performed with the athlete in supine position on an examination table for 10 minutes, during which RR interval recordings were obtained using a portable heart rate monitor (Polar V800, Polar, Finland)^[@ref18]^. The last 5 minutes of RR recording were analyzed by means of Kubios HRV 2.2 software (Department of Applied Physics, University of Kuopio, Finland)^[@ref19]^. The Kubios HRV software provides a wide variety of time-domain, frequency-domain and nonlinear HRV parameters. From the autoregressive power spectrum approach in the frequency domain, we got the powers of the very low frequency (VLF: \< 0.04 Hz), low frequency (LF: from 0.04 to 0.15 Hz), and high frequency (HF: 0.15 to 0.40 Hz) components, in absolute (ms^[@ref2]^) and in normalized units (nu) \[LFnu: 100 x LF / (total power -- VLF), and HFnu: 100 x HF / (total power - VLF)\]^[@ref2]^. From the values of LF and HF it was determined the LF/HF ratio. Through the statistical methods from the analysis in the time domain we got the mean squared differences of successive RR intervals (rMSSD). The validity of HRV parameters derived from V800 Polar heart rate monitor, e.g. small bias, strong ICC (≥ 0.99) and small ES (≤ 0.029), was confirmed by a recent study of Giles et al.^[@ref18]^ The reference values of the indices of HRV in healthy untrained subjects are given in the review of Nunan et al.^[@ref20]^ To assess the state of cardiorespiratory fitness, all subjects performed an incremental exercise test to exhaustion on motorized treadmill (Cosmed T-150). The protocol included:

1.  Initial warm-up period lasting 4 minutes at 4 km / h;

2.  1° step running at speed of 7 km / h and gradient of 2% for one minute;

3.  Successive increments, for each minute of exercise, of 1 km / h of speed and 1% of inclination, until reaching the VO~2~max.

A disposable face mask with a dead space of 50-60 ml (Cosmed V2) was used to collect the exhaled air throughout the test. The oxygen consumption (VO~2~ in ml ∙ kg^-1^ ∙ min^-1^) was recorded with a breath by breath measurement system (Cosmed Quark CPET). VO~2~max was calculated as the highest consecutive 30-s average value achieved during the test. The ventilator anaerobic threshold (VO~2VAT~) was measured with V-slope method^[@ref21]^. The flow meter and gas analyzers were calibrated before each test, according to the manufacturer\'s instructions.

The heart rate (HR) was recorded using a short-range radio system telemetry (Polar Electro Oy, Finland). The guidelines about the interruption of the tests provided by the American College of Sports Medicine were met^[@ref22]^. VO~2~max was considered attained when one or more of the following criteria were achieved: attainment of a VO~2~max plateau \< 2.2 ml ∙ kg^-1^ ∙ min^-1^; respiratory exchange ratio (RER) \> 1.10; maximum heart rate (HRmax) close to the theoretical value of 220-age; athlete\'s inability to maintain the required work rate. The cool-down period after the end of the exercise consisted on walking on treadmill at 2.0 Km/h of speed and 0% grade for 6 minutes. Heart rate recovery was defined as the difference between heart rate at peak of exercise and heart rate at 1 (HRR1) and at 2 (HRR2) minutes after the end of the exercise, expressed in absolute terms (bpm).

Statistical analyses {#sec2-4}
--------------------

All data are presented as mean ± standard deviation (*s*). A simple linear regression model was used to assess the relationships between t10Km and the results of the incremental exercise test. Pearson product moment correlation coefficient (*r*) was used to determine the association between considered parameters. The 95% confidence intervals (CI) were determined for each correlation coefficient and *P* value less than 0.05 was considered statistically significant. For the statistical analysis, GraphPad Prism 6.01 (GraphPad Software, Inc., USA) software was used.

Results {#sec1-2}
=======

Enrolled athletes had mean age of 52.1 ± 6.4 years, weight of 69.3 ± 7.0 Kg, height of 171.3 ± 4.8 cm, and BMI of 23.6 ± 1.9. The others physiological parameters of athletes are shown in [table 1](#table001){ref-type="table"}. In our master athletes we found out sinus bradycardia at rest, with RHR of 49.6 ± 7.1 bpm. The athletes have been able to regularly end the test. Based on the intensity of the effort, they all have reached their VO~2~max. In all athletes we have detected high VO~2~max values, on average 52.7 ± 7.2 ml ∙kg^-1^ ∙min^-1^, corresponding to 138% of the theoretical VO~2~max, predicted with specific reference to age and sex^[@ref23]^; 3 athletes have exceeded the value of 150%. Of particular note is the finding in a 47-year old athlete who reached a VO~2~max of 68.9 ml ∙kg^-1^ ∙ min^-1^, comparable to that of younger athletes of high national qualification. In the subjects we examined, the HRR1 averaged 25.3 ± 7.9 bpm and HRR2 averaged 53.6 ± 8.0 bpm; in one athlete we discovered a value of HRR1 lower than the standard (11 bpm), while his HRR2 was found in the standard (49 bpm). The HRV analysis showed rMSSD values of 34.8 ± 22.5 ms, LF and HF respectively 57.7 ± 22.2 and 31.6 ± 24.3 nu. The LF/HF ratio was 3.1 ± 2.1; 2/10 of the athletes had a value of LF/HF \<1.0, whereas 7/10 had a LF/HF \> 2.0. The statistical regression analysis showed significant correlations between t10Km and indexes of HRV (rMSSD, *r* = -0.710, *p* = 0.021; LF, *r* = 0.713, *p* = 0.020; HF, *r* = -0.700, *p* = 0.024) (Fig.1-3). Slight but not significant correlation was found between t10Km and LF/HF (*r* = 0.545, *p* = 0.103). As expected, we found out a significant correlation between t10Km and VO~2VAT~ (*r* = -0.703, *p* = 0.023) and VO~2~max (*r* = -0.682, *p* = 0.029). No correlations were found out between t10Km and RHR, HRR1 and HRR2. All the considered parameters and their correlations with t10Km are shown in [table 2](#table002){ref-type="table"}.

Discussion {#sec1-3}
==========

Training, especially of endurance, is responsible for significant adaptations of the cardiovascular system, which mainly lead to a reduction in heart rate and peripheral resistance, and an increase in heart size associated with improved contractile capacity^[@ref24]^. However, wide heterogeneity has been observed in the responsiveness of cardiorespiratory fitness to physical training^[@ref25]^, as adaptations to physical training are the result of many factors^[@ref26]^.

In athletes involved in our study the most evident adaptations are represented by bradycardia at rest (49.6 ± 7.1 bpm) and good aerobic power, expressed by measured VO~2~max (52.7 ± 7.2 ml ∙ kg^-1^ ∙ min^-1^), considered excellent in reference to the mean age of the athletes (ACSM's normative table for maximum aerobic power by age and gender 2013). Of note are the good levels of ventilatory anaerobic threshold, that are on average around 83% of VO~2~max (VO~2vat~ = 43.5 ± 7.9 ml ∙ kg^-1^ ∙ min^-1^). Moreover, the status of the autonomic nervous system plays an important role in the training response. The HRV measurements in athletes have yielded conflicting values when compared with data in the literature^[@ref7]^. In healthy active or sedentary people, the LF/HF ratio derived from the spectral analysis of 5 min electrocardiographic recording in the supine position is between 1.5 and 2^20^. In literature, endurance training and high levels of aerobic fitness expressed by high values of VO~2~max are associated with an increase of parasympathetic component, shown by an increase of rMSSD and HF values^[@ref20],[@ref27]^, with a consequent reduction of the LF/HF ratio, up to ≤ 1. The values of LF/HF ratio \> 2 found in a large number of athletes we examined, expression of a sympatho-vagal balance with prevalence of the sympathetic component, may depend on the stress conditions due to the training loads, such as \"over-reaching\" and/or \"over-training\"^[@ref8]^. The over-reaching is considered a drop in performance of acute exposure to excessive training loads without adequate recovery, regressing after a period of slightly longer of the usual rest (few days)^[@ref21]^. The over-training is considered a performance decline caused by excessive training loads and/or adequate recovery, which persists for a long time (usually weeks or months) after a period of rest^[@ref29]^. Both syndromes can be associated with increased sympathetic adrenergic activation, with an increase of RHR and a simultaneous reduction of HRR, and/or a reduction of the activity of the parasympathetic system^[@ref30]^. Based on these considerations, the finding of a LF/HF \> 2 in several master athletes we examined could depend on precisely conditions of over-training, although the RHR and the parameters obtained from exercise testing (VO~2~max and HRR) indicate a high level of aerobic fitness and normal behavior of the autonomic cardiac system after effort. The significant correlation between the indices of HRV and the performance of the athletes expressed by time on the 10km running trial may support this hypothesis. This correlation shows an influence of the autonomic system, measured at rest before the test, on the performance: a predominance of the parasympathetic system on the autonomic balance at rest appears to predispose to a better performance on10km running. Although several longitudinal studies support the capacity of HRR to quantify differences in training status between trained and untrained healthy individuals^[@ref17]^, in our study no correlation was found between HRR and the performance on 10km running. Recently, Aubry et al.^[@ref33]^ reported that faster HRR does not systematically predict better physical performance and that its interpretation should always be made in relation to the specific training phase of an endurance training program, the perceived fatigue level of athletes and the performance response. This confirm the hypothesis that changes in HRR indices are strongly related to weekly training loads, while changes in HRV indices are mainly associated with cardiorespiratory fitness as assessed by maximal oxygen uptake^[@ref34]^. However, the effect of confounding factors such as state of fatigue (over-reaching and/or over-training) on HRR in master endurance athletes needs to be further investigated.

Our study provides the following information regarding heart rate measures that seem to be important for "master" athletes of endurance:

1.  The analysis of heart rate variability is able to evaluate complex adjustments charged to the cardiac autonomic system caused by training;

2.  rMSSD and HF are negatively correlated with t10Km. LF is positively correlated with t10Km;

3.  The increased activity of the parasympathetic function at rest seems to be a condition for a better performance to run a distance of 10km.

Measuring RHR and HRR after exercise is a common and pratical method of assessing cardiorespiratory fitness and may provide a good indication of training state of athletes.^[@ref7]^ HRV data are perhaps a slighty more sensitive measure for tracking changes in fatigue and readiness status to a higher performance. Although further investigations involving grater subject samples are needed to confirm our conclusions, the analysis of heart rate variability can thus be a simple and useful tool for monitoring the training status of athletes and their physical condition in proximity of a competition, whether they are young and old high-level amateur sportspeople or athletes ready to participate to Paralympics or Cybathlon sports competitions.^[@ref35]^
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###### 

Characteristics of athletes (n = 10; means ± s).

  ----------------------------------- -------------
  Age (y)                             52.1 ± 6.4
  Body height (cm)                    171.3 ± 4.8
  Body weight (Kg)                    69.3 ± 7.0
  BMI (Kg ∙ m^-2^)                    23.6 ± 1.9
  Fat mass (%)                        13.7 ± 3.3
  Fat free mass (Kg)                  59.9 ± 6.4
  VO~2~rest (ml ∙ Kg^-1^ ∙ min^-1^)   5.7 ± 2.3
  RHR (bpm)                           49.6 ± 7.1
  ----------------------------------- -------------

BMI body mass index, VO~2~rest oxygen uptake at rest, RHR heart rate at rest

###### 

Indices of considered parameters (means ± s) and their correlation with 10Km running performance (r and P value).

                                    (*n* = 10)       *r*      *P*
  --------------------------------- ---------------- -------- ------------
  RHR                               49.6 ± 7.1       0.532    0.113
  LF (nu)                           57.7 ± 22.2      0.713    0.020 (\*)
  HF (nu)                           31.6 ± 24.3      -0.700   0.024 (\*)
  LF/HF                             3.1 ± 2.1        0.545    0.103
  rMSSD (ms)                        34.8 ± 22.5      -0.710   0.021 (\*)
  VO~2VAT~ (ml ∙ Kg^-1^∙ min^-1^)   43.5 ± 7.9       -0.703   0.023 (\*)
  VO~2max~ (ml ∙ Kg^-1^∙ min^-1^)   52.2 ± 7.6       -0.682   0.029 (\*)
  HRmax (bpm)                       156.6 ± 9.8      0.029    0.935
  HRR1 (bpm)                        25.3 ± 7.9       -0.379   0.279
  HRR2 (bpm)                        53.6 ± 8.0       -0.580   0.078
  t10Km (sec)                       2294.5 ± 173.3             

LF low frequency power, HF high frequency power, VO~2VAT~ ventilator anaerobic threshold, VO~2max~ maximal oxygen uptake, HRmax maximal heart rate, HRR1 heart rate recovery at 1 minute, HRR2 heart rate recovery at 2 minutes, t10Km time to performing 10 Km running. (\*) significant correlation with t10Km.
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